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Note: Attempt all Sections. In case of any missing data, choose suitably.

TIME: 3 HRS

L Attempt ali questions in brief. SECTIONA A 023 7=« T

) L W

1o. Question _—’_—/__________ Tz___‘
*|a. | In a fermentation process, glucose is metabolized by microorganisms, l
releasing heat. Assume that 2 moles of glucose are consumed and the ‘>

enthalpy change of the reaction is 2800 kJ/mol. Calculate the ':otal
enthalpy change for the process and state whether the reaction Is

exothermic or endothcrmic. Y ————T"7 | K&
b. | 180 g of glucose (CsH:20s) is fermented to produce ethanol (CZHSOH); I
The theoretical yield is 92 g of ethanol. If only 80 g is obtained, what 1S
the percent yield? r,-nf &
c. | What does the half-life of a reaction tell you about its kinetics? . 2 K2 ?1,% -

d. |Liquid A decomposes by first-order kinetics; ?ﬁjn abatch reactor 50% | 3 | K4 4 .
of A is converted in.d 5-minute run. How m\:i/ﬁ?longer would it take to A Ut

reach 75% conversion? , .

What is the integrated rate law for a first{ordér reaction in a batch reactor? | 3, [v7K2

e.

T - . ¥
f | Name one cationic and one anioni¢ étergent for cell disruption. A4 Kl
g. | What role does czystallizmim},p]_?f/ in the final product recovery?

s | K
SECTION B ,®\‘
07x3=21

2. Attempt any three of the following:
Question Q CQO | Level
r

1 K2

‘ ~
a. { How would you derive and apply the energy balance tion for a

batch fermentation process? ‘.’) \
b. } How can you determine whether a bioprocess follgys elementary ornon- | 2 | K5

elementary reaction kinetics using cxperime‘rrna}.glala?
You have batch reactor data for a sec ond-prdili%action. How wouldyou | 3 | K2

c.
; use integral and differential methods to determine the rate constant?

T

d. | In a designing a aqueous two-phase eirgaétion system for separation 4 | K5
intracellular protein, what factors waylG you consider to enhance
partitioning efficiency? AN

How would you select the appr, priate chromatographic l.echnique (e.g. 51| K4 J
HPLC, vs. ion exchang%:ﬁgg rifying a monoclonal antibody?

{c.

- ' SECTION C
3. Attempt any ore part of the following: 07x1=07
Q Question CO | Level \
no.
a. | Derive one important dimensionless group used in fermentation. 1 K3

Calculate the Reynelds number for a fluid with a density of 1000 kg/m®, velocity

of 0.5 m/s, viscosity of 1.0 x 10~ Pas, and pipe diameter of 0.1 m. Interpret the
flow regime.
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b. | The chemical reaction equation for the respiration of glucose is: 1 | K4
CsH1206 + 602 = 6CO;2 + 6H20
Candida utilis cells convert glucose to CO2 and H20 during growth. The
cell composition is CHi.3400.5sNo22 plus 5% ash. Yield of biomass from
substrate is 0.5 g g-1. Ammonia is used as a nitrogen source.
() What is the oxygen demand with growth compared to that without?
(b) C. utilis is also able to grow with ethanol as substrate, producing cells
of the same composition as above. On a mass basis, how does the
maximum  possible biomass yield from ethanol compare with the
maximum possible yield from glucose?.
4. Attempt any one part of the following: 07x1=07
Q Question CO | Level
no.
a. | How would you apply Arrhenius equation to evaluate the effect of temperature | 2 | K2 0 ‘.‘-_)"-.
on the rate of a microbial fermentation reaction? r\:
b. | How would you distinguish between zero, ﬁrs't;@;;-}d second-order kinetics | 2 | K5 k|
using graphical methods for real bioprocess data’ | [}
5. Attempt any one part of the following: " 07 x 15107
Q Quesiy . 7 CO, [/kevel
no. o i

a. | Given reactor data for a reaction serjes, how would you design a reactor 713 -| K3
network to maximize product.yiéld while minimizing reactor volume? , ‘[
b. | How would you analyze kinetic'data from a plug flow reactor operategh'“ 3| K5
a series with a CSTR to optimize conversion? N
6. Attempt any one part of the following: N _07x1=07
_ Question (\) . cO W Level \\ .
. '{,

a. | Compare ultrafiltration, dialysis, and reverse osmosis \t«é:t)}i;réspect topore | 4 | K2
size and separation efficiency. ey

b. | Enzymatic cell disruption is often considered “géntle approach for | 4 | Kl
extracting intracellular products. Discuss th;ﬁ@vantages and challenges
associated with enzymatic methods co% o mechanical methods.

Ilustrate your answer with examples ¢ acellular products that are
well-suited for enzymatic disruption. . -

7. Attempt any one part of the following: 07x1=07
[Q Question CO [ Level
;0‘ What are the various stepyiﬁ.DSP? Explain them in detail with a neat | 5 \ K5
schematic diagram. _ '
b. | Explain the concept of bound water and free water in the context of dryﬂ}g. 5 \ K2
Discuss the role of water activitygin determining the drying characteristics
of biological materials. \
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